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ZDYH/1$VLPSOHPHQWHGLQDP6L*H%L&026WHFKQRORJ\
DUHSUHVHQWHG7KH:EDQG/1$KDVG%SHDNJDLQ*+]
G%EDQGZLGWK%:DQGP:RISRZHUFRQVXPSWLRQZKHUHDV
WKH'%DQG/1$DFKLHYHVG%SHDNJDLQ*+]G%%:
ZKLOHFRQVXPLQJP:RISRZHU,QSXWDQGRXWSXWRIWKH/1$V
DUHZLGHEDQGPDWFKHGWRLQWKHLUUHVSHFWLYHIUHTXHQF\EDQGV
8VLQJ WKH PHDVXUHG JDLQV WKH HIIHFWLYH QRLVH EDQGZLGWKV DUH
FDOFXODWHGWREH*+]IRUWKH:EDQGDQG*+]IRUWKH'
EDQG /1$V 0HDVXUHPHQW UHVXOWV LQGLFDWH WKDW WKH /1$V DUH
VXLWDEOHIRUORZSRZHUDQGZLGHEDQGUDGLRPHWHUV\VWHPV
,QGH[7HUPV²PLOOLPHWHUZDYHLQWHJUDWHGFLUFXLWVORZQRLVH
DPSOLILHUPLOOLPHWHUZDYHUDGLRPHWU\
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3DVVLYH LPDJLQJ V\VWHPVRSHUDWLQJ DWPLOOLPHWHUZDYH DQG
7+]UHJLRQKDYHEHHQJDLQLQJDWWHQWLRQLQUHFHQW\HDUVGXHWKH
DGYDQFHPHQWV LQ PRQROLWKLF PLFURZDYH LQWHJUDWHG FLUFXLWV
00,&VZKLFKDUHFDSDEOHRIRSHUDWLQJDW ORZDWPRVSKHULF
DWWHQXDWLRQ ZLQGRZV VXFK DV   DQG  *+] 7KHVH
V\VWHPVFDQGHWHFWWKHUPDOUDGLDWLRQHPLWWHGIURPWKHREMHFWV
DQGSURYLGHDQLPDJHRIWKHVFHQHHVSHFLDOO\LQORZYLVLELOLW\
FRQGLWLRQVIRJGXVWUDLQHWFJLYHQWKDWWKHV\VWHPKDVKLJK
HQRXJK WHPSRUDO VHQVLWLYLW\ >@ )RU WKLV UHDVRQ UDGLRPHWHU
V\VWHPVHQDEOHFULWLFDODSSOLFDWLRQVVXFKDVFRQFHDOHGZHDSRQ
GHWHFWLRQ >@ UHPRWH VHQVLQJ >@ DQG QRQLQYDVLYH PHGLFDO
LPDJLQJ>@+RZHYHUDFKLHYLQJDKLJKVHQVLWLYLW\GHWHFWLRQ
RU ORZ HQRXJK QRLVH HTXLYDOHQW WHPSHUDWXUH GLIIHUHQFH
1(7'UHPDLQVDFKDOOHQJLQJLVVXH
7KHOLPLWLQJIDFWRUIRUGHVLJQLQJDORZ1(7'V\VWHPDULVHV
IURPWKHIQRLVHRIWKHDFWLYHFRPSRQHQWV+RZHYHUHYHQLI
WKHVHIOXFWXDWLRQVDUHPLQLPL]HGXVLQJFDOLEUDWLRQWHFKQLTXHV
RQHVWLOOQHHGVWRLPSURYHWKH5)EDQGZLGWKRIWKHUHFHLYHUDV
ZHOODVWKHV\VWHPQRLVHWHPSHUDWXUH&RQVHTXHQWO\DKLJKJDLQ
DQGZLGHEDQGZLGWKORZQRLVHDPSOLILHU/1$WRVXSSUHVVWKH
QRLVHRIWKHSRZHUEHFRPHVFUXFLDO
6LOLFRQ EDVHG WHFKQRORJLHV VXFK DV &026 DQG 6L*H
%L&026 KDYH DGYDQFHG WUHPHQGRXVO\ DFKLHYLQJ IWIPD[ RI
PRUH WKDQ  *+] ZKLFK IDFLOLWDWHV WKH GHVLJQ RI KLJK
SHUIRUPDQFHPLOOLPHWHUZDYHFLUFXLWVDWUHODWLYHO\ORZFRVWDQG
VLPLODUSHUIRUPDQFHWRLWV,,,,9FRXQWHUSDUWV,QWKLVZRUNZH
SUHVHQW ZLGHEDQG /1$V RSHUDWLQJ DW:%DQG *+]
DQG'%DQG*+]XVLQJ,+3¶V6**P6L*H
%L&026SURFHVVIHDWXULQJ+%7VDWDQG*+]IWDQG
IPD[UHVSHFWLYHO\
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)LJ &LUFXLW VFKHPDWLF RI WKH :EDQG ORZQRLVH DPSOLILHU
(OHFWULFDOOHQJWKVDUHJLYHQDW*+]
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A. W-band Low Noise Amplifier 
7KHFLUFXLWVFKHPDWLFRIWKH:EDQG/1$LVVKRZQLQ)LJ
)RXUVWDJHFRPPRQHPLWWHU&(WRSRORJ\LVVXIILFLHQWIRU:
EDQGWRDFKLHYHG%RUKLJKHUJDLQDQG&(SURYLGHVORZHU
1)WKDQDFDVFRGHVWDJH)LUVWVWDJHRIWKH/1$ZDVGHVLJQHG
XVLQJ WKH VLPXOWDQHRXVSRZHU DQGQRLVHPDWFKLQJ WHFKQLTXH
2SWLPXPWUDQVLVWRUQXPEHUZDVFKRVHQWREH[DQGFROOHFWRU
FXUUHQW,&LVVHWWRP$IRUDWUDGHRIIEHWZHHQPLQLPXP
QRLVHILJXUHDQGJDLQ8VLQJDVKXQWVKRUWHGWUDQVPLVVLRQOLQH
DWWKHEDVHDQGDQHPLWWHUGHJHQHUDWLRQLWLVSRVVLEOHWRDYRLG
DQ\VHULHVWUDQVPLVVLRQOLQH7/ZKLOHVWLOODOORZLQJIRU
LQSXWRYHUDZLGHEDQGZLGWK
7KHUHPDLQLQJVWDJHVDUHDOOLGHQWLFDO(PLWWHUGHJHQHUDWLRQ
LQGXFWDQFHZHUHUHGXFHGWRDVPDOOHUYDOXHDQG,&LVLQFUHDVHG
WRP$WRDFKLHYHKLJKHUJDLQSHUVWDJH$OOWKHEDVHELDVHV
ZHUH DSSOLHG RYHU ODUJH SRO\ UHVLVWRUV 5) VKRUWV ZHUH
LPSOHPHQWHG XVLQJ  I) PHWDOLQVXODWRUPHWDO 0,0
FDSDFLWRUVZLWKDGMXVWHGJHRPHWU\VXFKWKDWWKH\VHOIUHVRQDWH
FORVHWR:EDQG7RHQVXUHFLUFXLWVWDELOLW\DWDOOIUHTXHQFLHV
VPDOO VLOLFLGH UHVLVWRUV ZHUH XVHG RQ WKH ELDV OLQHV DQG
VHFRQGDU\FDSDFLWRUVZHUHDGGHGRQWKHRUGHURIVHYHUDOS)V
$OO WKH ELDV SODQHV ZHUH VDQGZLFKHG EHWZHHQ WZR JURXQG
SODQHV LH PHWDO    7RS0HWDO ZHUH XVHG IRU JURXQG
ZKHUHDVPHWDODQG7RS0HWDOZHUHXVHGDVELDVSODQHV
3URFHHGLQJVRI$VLD3DFLILF0LFURZDYH&RQIHUHQFH
&RS\ULJKW,(,&(
7+'


)LJ &LUFXLW VFKHPDWLF RI WKH 'EDQG ORZQRLVH DPSOLILHU
(OHFWULFDOOHQJWKVDUHJLYHQDW*+]
7KLVVDQGZLFKHGFRQILJXUDWLRQDGGVDOVRVHYHUDOS)VWRE\SDVV
QHWZRUNLQDGGLWLRQWRWKH0,0FDSDFLWRUV$OOWKHWUDQVPLVVLRQ
OLQHVZHUHLPSOHPHQWHGXVLQJPLFURVWULSOLQHVZLWK7RS0HWDO
0HWDO FRQILJXUDWLRQ(0 VLPXODWLRQVZHUH SHUIRUPHG XVLQJ
$'60RPHQWXPH[FOXGLQJWKHVHFRQGDU\FDSDFLWRUEDQNVDQG
PHWDOILOOHUV
B. D-band Low Noise Amplifier 
7KHVFKHPDWLFRIWKHVWDJH'EDQG/1$LVVKRZQLQ)LJ
6LPLODUDSSURDFKHVZHUHPDGHZLWKWKH:EDQG/1$LQWKLV
GHVLJQKRZHYHUWKHWRSRORJLHVRIWKHVHFRQGDQGWKLUGVWDJHV
ZHUHFKDQJHGWRNHHSWKHJDLQDERYHG%DFURVVWKHHQWLUH'
EDQG &RQVHTXHQWO\ SRZHU FRQVXPSWLRQ FRQVWUDLQWV DUH DOVR
UHOD[HGFRPSDUHGWR:EDQGDVDWUDGHRIIVLQFHDYDLODEOHJDLQ
SHUVWDJHLVPXFKORZHU
$FDVFRGHVWDJHFRXOGSURYLGHG%PRUHFRPSDUHGWR&(
DVDUHVXOWWKHWZRPLGGOHVWDJHVZHUHLPSOHPHQWHGDVFDVFRGH
DPSOLILHUV $W WKH LQSXW &( ZDV FKRVHQ RYHU FDVFRGH IRU
ZLGHEDQGLQSXWPDWFKLQJDVZHOODVWRDFKLHYHORZHU1)VLQFH
WKH &( SURYLGHV EHWWHU QRLVH SHUIRUPDQFH WKDQ WKH FDVFRGH
FRQILJXUDWLRQ6LPLODUO\ WKHRXWSXWZDV DOVR LPSOHPHQWHG DV
&(IRULPSURYHGRXWSXWPDWFKLQJ,QWHUVWDJHPDWFKLQJVZHUH
GHVLJQHG XVLQJ 7W\SH QHWZRUNV XWLOL]LQJ KLJK FKDUDFWHULVWLF
LPSHGDQFH PLFURVWULS OLQHV DORQJ ZLWK0,0 FDSDFLWRUV 7KH
FROOHFWRUFXUUHQWRIWKHILUVWVWDJHZDVVHWWRP$WRRSWLPL]H
WKH QRLVH SHUIRUPDQFH ZKLOH DFKLHYLQJ DFFHSWDEOH JDLQ WR
VXSSUHVVWKHQRLVHRIWKHIROORZLQJVWDJHVP$DQGP$
FROOHFWRUFXUUHQWVZHUHVHW IRUWKHFDVFRGHVWDJHVDQGWKHODVW
VWDJHUHVSHFWLYHO\WRDFKLHYHKLJKJDLQ
$OOWKHWUDQVPLVVLRQOLQHVZHUHLPSOHPHQWHGXVLQJPLFURVWULS
OLQHV ZLWK 7RS0HWDO0HWDO FRQILJXUDWLRQ 3DUDVLWLF HIIHFWV
DUH PDMRU FRQFHUQV DW PPZDYH IUHTXHQFLHV 7KHUHIRUH IXOO
FKLSVLPXODWLRQVZHUHSHUIRUPHGLQFOXGLQJWKHYLDVFDSDFLWRUV
DQGWKHE\SDVVQHWZRUNV3DUDVLWLFFDSDFLWDQFHVGXHWRWKH5)
SDGVFRXOGDOVRVLJQLILFDQWO\GHWHULRUDWHWKHLQSXWPDWFKLQJRI
WKH/1$VDQGWKH1)RIWKHFKLSVZRXOGLQFUHDVHEHFDXVHRI
WKHORVVDWWKHLQSXWGXHWRWKHSDUDVLWLFFDSDFLWDQFHRIWKHLQSXW
5)SDG7RDYRLGWKLVSUREOHPFXVWRP5)SDGVZHUHGHVLJQHG
XVLQJMXVW7RS0HWDOZLWKDUHGXFHGDUHDZKLOHVWLOODOORZLQJ
SUREHVWREHODQGHGSURSHUO\DUHLQFOXGHGLQWKHVWUXFWXUH

)LJ &KLSPLFURJUDSKVRI:EDQG/1$OHIWDQG'EDQG/1$
ULJKW
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0LFURJUDSKVRI WKH FKLSV DUH VKRZQ LQ)LJ 7KH WRWDO
DUHDRIWKH:%DQG/1$LVPP[PPLQFOXGLQJ
SDGVDQG WKHFKLSFRQVXPHVRQO\P:RISRZHUIURP9
VXSSO\ ZKHUHDV WKH '%DQG /1$ GUDZV  P$ IURP 9
VXSSO\ DQG  P$ IURP 9 VXSSO\ WRWDO RI  P: DQG
RFFXSLHVPP[PPRIDUHDLQFOXGLQJWKHSDGV
6SDUDPHWHUV ZHUH PHDVXUHG RQ ZDIHU DW ,+3
0LFURHOHFWURQLFV¶ IDFLOLWLHVXVLQJVHSDUDWH VHWXSV IRU:%DQG
DQG'%DQG/1$V0HDVXUHGSHDNJDLQRIWKH:%DQG/1$
LVG%DW*+]DQGGURSVWRG%DW*+]DQGLQ
YHU\JRRGDJUHHPHQWZLWKVLPXODWLRQUHVXOWV$YHUDJHJDLQRI
WKH/1$LVDSSUR[LPDWHO\G%$OVRWKHLQSXWDQGRXWSXW
UHWXUQORVVHVUHPDLQEHORZG%IURPWR*+]$VIRU
WKH'%DQG/1$UHWXUQORVVHVDUHEHWWHUWKDQG%DFURVVWKH
HQWLUH EDQG DQG SHDN JDLQ LVPHDVXUHG WR EH G% DW 
*+]*DLQRIWKH/1$VWD\VDERYHG%IURP*+]WR
*+]7KHG%EDQGZLGWKRIWKH/1$LVPHDVXUHGDV*+]
1RLVH ILJXUH PHDVXUHPHQWV ZHUH SHUIRUPHG DW 0LOOLODE
977)LQODQG DQG WKH 1) UHVXOWV DUH VKRZQ LQ )LJ 
0LQLPXP1)RIWKH:%DQG/1$LVG%DQGG%IRUWKH
'%DQG/1$
,W LVZRUWKZKLOH WR FDOFXODWH WKH HIIHFWLYH QRLVH EDQGZLGWK
(1% RI WKH /1$V WR DVVHVV WKHLU YLDELOLW\ LQ D UDGLRPHWHU
V\VWHP8VLQJWKHPHDVXUHPHQWUHVXOWVDQGWKHH[SUHVVLRQ
JLYHQLQ>@WKH(1%RIWKH:%DQG/1$LVIRXQGRXWWREH
 *+] DQG  *+] IRU WKH '%DQG /1$ 7DEOH 
LOOXVWUDWHVWKHSHUIRUPDQFHRIWKH/1$VLQFRPSDULVRQZLWKWKH
UHFHQWSXEOLFDWLRQV
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 G% SHDN JDLQ  *+] G% %:  *+] (1% DQG
FRQVXPHVP:RITXLHVFHQWSRZHU7KHSURSRVHG/1$VDUH
VXLWDEOHIRU:%DQGDQG'%DQGUDGLRPHWHUVDQGWKHVWDWHRI
WKHDUWSHUIRUPDQFHVKDYHEHHQGHPRQVWUDWHG
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